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FOREWORD 


This  work  was  initiated  in  an  effort  toward  the  design 
and  fabrication  of  a  prototype  recovery  parachute  assembly  to 
enable  the  airdrop,  by  use  of  parachutes  in  a  cluster,  of  a 
50, 000-lb  unit  load.  The  first  phase  of  this  study  was  con¬ 
cerned  solely  with  the  design  aspects;  the  second  phase  dealt 
with  fabrication. 

Volume  II  presents  the  results  of  work  on  the  direct 
design  of  the  selected  prototype  parachute  assembly. 

This  work  was  conducted  under  U.  S.  Army  Project 
1F162203D-195*  Exploratory  Development  of  Airdrop  Systems, 
by  Pioneer  Parachute  Company,  Manchester,  Connecticut,  under 
contract  DAAG17-6 8-0142. 

The  project  engineer  was  Mr.  Royce  A.  Toni  of  the 
contracting  agency.  The  work  was  performed  under  the  direc¬ 
tion  of  Mr.  Arthur  W.  Claridge,  the  project  engineer  l'or 
the  U.  S.  Army  Natick  Laboratories. 
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ABSTRACT 


This  report  covers  the  direct  design  aspects  of  the 
selected  prototype  cargo  recovery  assembly  for  airdropping 
heavy  unit  loads  in  the  order  of  50,000  pounds. 

The  detailed  design  of  the  components  is  covered  as  well 
as  stress  analysis  to  determine  the  margins  of  safety  for 
the  materials  selected.  Material  lists  and  weights  for  the 
components  are  provided.  Laboratory  testing  of  individual 
components  and  strength  efficiency  of  stitch  patterns  are 
shown. 
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1.  INTRODUCTION 


The  prototype  parachute  assembly  shown  in  Pig.  1  repre¬ 
sents  a  system  that,  when  used  in  a  cluster  of  six,  will 
enable  the  airdrop  of  a  50,000-lb  unit  load.  This  partic¬ 
ular  configuration  was  ultimately  selected  on  the  basis  of 
findings  presented  in  Volume  I  of  this  series. 

As  a  result  of  the  Volume  I  study,  these  aspects  deal 
primarily  with  detail.  The  purpose  of  Volume  II  is  to 
present  the  results  associated  with  the  direct  design 
aspects. 

2.  SPECIFICATIONS 
a.  Design 

The  parachute  system  was  designed  to  meet  all  the 
requirements  3tated  in  Volume  I,  Section  3. 

(1)  Parachute  Si2e 

The  procedure  followed  to  determine  the  size  of 
the  parachute  system  (135>-ft-D  )  is  presented  in  Volume  I, 
Section  9.  ° 

(2)  Opening  Force 

The  method  used  to  define  the  maximum  force 
{28,300  lb)  experienced  by  any  one  parachute  when  used  in  a 
cluster  cf  six  to  airdrop  a  50,000-lb  unit  load,  is  presented 
in  Volume  I,  Section  10. 

b ♦  Components 

The  selected  prototype  assembly  consists  of  the 
following  components: 

(a)  canopy,  which  has  the  subcomponents 

(1)  suspension  lines, 

(2)  vent  ring,  and 

(3)  center  line; 

(b)  risers,  which  have  the  subcomponent 

(1)  separable  link; 

(c)  riser  extension; 

(d)  suspension  clevis,  which  has  the  subcomponent 

(1)  bushing; 


CANOPY  (NALABS  DWGS.  XU~l~l6*5  THRU  16*8) 


135-rt -De  SOLID-FLAT  CIRCULAR  WITH  VENT 

PULLDOWN  1,6-or  CLOTH,  H2L-C-70 SO,  TY  II, 
0.0.  l«in.  MAIN  SEAMS  SEWN  ON  THE  BIAS 


SUSPENSION  LINES  (NALABS  DWG.  X11-1-16A6) 
67.50 -ft  LENGTH  (APEX  TO  SKIRT) 

*7.25-ft  LENGTH  (SKIRT  TO  LINK) 
MIL.C-5040.  TT  XII,  O.D. 

160"LIH8S  (16  GROUPS  OP  10  LINES  EACH) 
160  GORES 


VENT  RING  (NALABS  DWO.  X11-1-16A9) 

CENTER  LINE  (NALABS  DWG.  XU-1-1650 > 
182.25-ft  LENGTH 
MIL^W-27265,  TY  XXVI,  O.D. 

RISER  {NALABS  DWO.  Zll-1-1651) 

121. 50- ft  LENGTH 
MIL-W-27265,  TY  XVIII,  O.D. 

SEPARABLE  LINK  (MS-22002-1) 

RISER  EXTENSION  (NALABS  DWO.  Xll-1-1653) 
135- ft  LENGTH 
NIL-W-27265 »  TY  XXVI,  O.D. 

SUSPENSION  CLEVIS  (MS-70087-3) 

BUSHING  (NALABS  DWG.  Ill- 1-1652) 


SEEPING  LIRE 
81.0- ft  LENGTH 

WL-C-7515,  TY  VII,  COLOR  OPT. 


Fig.  1.  Prototype  aseeably  •elected  for  use  in  a  cluster 
of  six  to  airdrop  a  50,000-lb  unit  load. 
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(e)  deployment  bag  and  bridle;  and 

(f)  reefing  components. 

The  canopy  is  solid-flat  circular,  having  a  135-ft 
nominal  diameter  CD  ).  The  suspension  lines  are  approxi¬ 
mately  O.35  *  D  in°length,  measured  from  the  separable  link 
to  the  canopy  skirt;  the  lines  continue  to  run  through  the 
canopy  main  seam  up  to  the  vent  ring  and  return  to  the  sepa¬ 
rable  link  via  the  adjacent  gore. 

The  center  line  is  of  two-ply  construction  and  has 
a  length  approximately  equal  to  the  total  length  of  the 
suspension  .line  and  its  riser  plus  DQ/10. 

The  risers  are  approximately  0.65  *  D  in  length. 

At  one  end  are  separable  links  to  which  the  suspension  lines 
can  be  tied;  the  other  end  is  looped  so  as  to  be  accommodated 
by  the  clevis.  The  construction  of  this  item  ia  such  that 
for  every  four  ends  connecting  to  a  total  of  forty  suspension 
lines  (10  lines  per  end)  the  other  (and  only)  end  connects  to 
the  clevis. 

The  riser  extension  is  of  6-ply  construct ion  and 
looped  at  one  end  so  as  to  be  fitted  into  the  clevis.  The 
other  end,  the  load-attachment  point,  is  looped  to  accommo¬ 
date  a  hardware  fitting  supplied  by  Natick  Laboratories. 


Deployment  Conditions  and  Weight 


The  gross  rigged  weight  for  a  cluster  of  six  of 
the  specified  parachute  assemblies  is  50,G0C  lbs.  The  approx¬ 
imate  weight  of  one  parachute  assembly,  including  the  deploy¬ 
ment  bag,  is  513  lbs. 


When  used  as  a  member  of  a  six-parachute  cluster,  the 
parachute  ia  capable  of  opening  without  structural  failure 
when  released  at  a  speed  of  22 3  ft/sec  and  a  dynamic  pressure 
of  76.3  lb/ft*. 


d.  Margins  of  Safety 


The  margins  of  safety  for  structural  loads  in  the 
above-cited  opening  environment  are  positive  for  all  compo¬ 
nents  . 


GORE  LAYOUT 


The  material  vised  for  the  canopy  of  a  parachute  assembly 
is  usually  taken  from  a  roll,  which  is  of  a  given  number  of 
running  yards  (In  length)  and  of  a  given  number  of  inches  in 


width.  For  a  solid-flat  circular  canopy,  the  number  of  gores 
required  normally  dictates  the  width  of  the  fabric.  However, 
for  the  parachute  configuration  under  design,  other  consider¬ 
ations  dominated,  primarily  the  decision  to  use  Military- 
Specification  materials  for  all  fabric  components.  To  adhere 
to  this  requirement  for  suspension  lines,  it  became  necessary 
to  assign  tc  the  assembly  160  gores.  Therefore,  the  selected 
prototype  parachute  assembly  is  a  135-ft-nominal-diameter 
solid-flat  circular  configuration  having  160  gores. 


Basic  Gore  Geometrs 


The  geometry  associated  with  a  basic  gore  for  a  solid' 
flat  circular  canopy  is  depicted  in  Fig.  2.  This  geometry  is 
representative  of  the  gore’s  desired  finished  dimensions. 


The  theoretical  length  of  the  gore  is  given  by 

R  «  DQ/2.  (3-D 

The  vent  radius  can  be  expressed  as  a  fraction  of  the 
theoretical  gore  length.  Hence, 

VR  =  aR.  (3-2) 

The  angle  subtended  by  the  intersection  of  the  two 
theoretical  lengths  of  the  gore  at  the  parachute’s  theoreti¬ 
cal  center  is  simply  defined  by 

9 

2*  -  Jf2-  ,  (3-3) 

where  N  is  the  numbex  of  gores  comprising  the  particular  con¬ 
figuration  . 


The  widths  of  the  gore  at  the  vent  and  skirt  respect 
ively  are  given  by 


and 


M  *  2V,  sin  $ 

A 

0  *  2R  sin 


( 3-4) 
(3-5) 


The  actual  length  and  height  of  the  gore  are  given, 
respectively  by 


and 


G  «  R  -  VR 
T  *  G  cos  #. 


(3-6) 

(3-7) 


Table  1  lists  the  geometry  associated  with  the  basic 
gore  for  the  prototype  parachute  assembly  under  design  herein 


Pig.  2. 
solid-flat 


Geometry  associated  with  a  basic  gore  of  a 
circular  canopy. 
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TABLE  1 
GEOMETRY 
ASSOCIATED  WITH 
BASIC  GORE 
OF  A  135-ft-D0 

SOLID-FLAT 
CIRCULAR  CANOPY 
OF  160  GORES 


a 

s 

0.04  | 

N 

2 

160  gores 

Do 

a* 

13?  ft 

R 

= 

67.5  ft 

VR 

~ 

32.4  in. 

♦ 

1°7,30" 

M 

*: 

1.272  in. 

0 

= 

31.801  in. 

G 

= 

64.800  ft 

rp 

2 

64.788  ft 

b. _ Fullness  and  Seam  Allowances 


The  geometry  associated  with  a  basic  gore,  including 
fullness  allowance  and  seam  allowance,  for  a  solid- flat  circu¬ 
lar  canopy  is  depicted  in  Fig.  3. 

(1)  Fullness 


The  dimensions  for  the  gore  widths  at  the  vent 
and  skirt  respectively  become 


Mf  «  M(1  +  fK)  (3-8) 

and 

0f  -  0  (1  +  fm),  (3-9) 

where  the  terms  f  and  represent  respective  fullness 
factors.  m  0 


The  dimensions  for  the  gore's  actual  length  and 
height  become  respectively 


Gf  a  G  (1  v  fQJ 


(3-10) 
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TABLE  2 
GEOMETRY 
ASSOCIATED  WITH 
BASIC  GORE, 
INCLUDING  FULL¬ 
NESS  ALLOWANCE, 
FOR  A  135-ft-D 

o 

SOLID-FLAT 
CIRCULAR  CANOPY 
OF  160  GORES 


*  °-l<>  j 

%  -  | 

j  *  0.0  I 

I  I 

|  ~  1*399  in.  » 


~  31.802  in, 
Gf  «  64.800  ft 
Tf  -  64.788  ft 
a  =  l°7>ow 


Tf  *  cos  a. 


where  the  term  rg  represents  a  fullness  factor  and 


a  =  si n~~  °f  . 

SZfa. 


(3-11 


(3-12 


a 

basic  gore,  lncludlng'the3fullnf fy  aasoclated  with  the 
type  parachute  asse^i^KsV •  for  the  *>"*» 

(2)  Seams 


and  skirt  became  respect! ve!y°r  the  gore's  widths  at  the  ve 


K  *  Mf +  *'»•»■) 

4  '  °t  *  *  *  tan  a). 


(3-13 


(3-14 


♦ 


> 
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TABLE  3 
GEOMETRY 
ASSOCIATED  WITH 
BASIC  GORE, 
INCLUDING  FULL¬ 
NESS  ALLOWANCE 
AND  SEAM 
ALLOWANCE,  FOR 
A  135-ft-D 

SOLID-FLAT 

CIRCULAR 

CANOPY 

OF  160  GORES 


X  =  1.5  in. 

Y  =  2.0  in. 

Z  =  2.0  in. 

K  -  4.322  in. 

A  =  34.879  in. 

L  =  65.121  ft 

where  the  terra  X  represents  the  seam  allowance  along  the 
gore’s  length  and  Y  and  Z  represent  the  seam  allowance  at  the 
gore's  two  widths. 

The  dimension  for  the  gore's  height  becomes 

L  -  Tf  +  Y  +  Z.  (3-15) 

Table  3  lists  the  geometry  associated  with  the 
basic  gore,  including  the  fullness  allowance  and  the  seam 
allowance,  for  the  prototype  parachute  assembly  under  design. 

c.  Panels  Within  the  Gore 

Owing  tc  *he  size  of  a  gore.  It  sometimes  becomes 
Impractical  to  design  It  as  a  solid  piece  of  cloth.  As  a 
result,  the  gore  must  be  designed  so  as  to  be  comprised  of 
panels.  Figure  4  depicts  the  geometry  associated  with  a  gore 
comprised  of  n  panels  for  a  solid-flat  circular  canopy  fabri¬ 
cated  from  a  roll  of  cloth  36.5  inch  wide. 


The  number  of  panels  comprising  the  gore  can  be 
determined  by  the  expression 


n  = 


+  2; 


(3-16) 
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1— m —  A  — *J 


Fig.  <*.  Geometry  associated  with  an  r.-panel  gore  of 
solid-flat  circular  canopy,  fabricated  from  a  36. 5-in. -wide 
roll  of  cloth. 


for  a  36. 5-m. -width  fabric  and  a  1.5-in.  seam  allowance  (X  is 

1.5  in.). 


S  -  4*9 . 498  in.  (3-17) 

and 

Si  *  Ui  -  2.121  in.,  (3-10 

where 

Ui  *  51.618  in.  -  %A.  (3-19) 

(1)  The  First  Panel 

The  geometry  associated  with  the  first  panel  of 
a  gore  comprised  of  n  panels  for  a  solid- flat  cirr  "lar  canopy 
fabricated  from  a  36. 5-in. -wide  roll  of  cloth  is  ,  „picted  in 
Pig.  5.  Referring  to  this  figure,  it  can  be  seen  that 


e  »  i|5o  +  a,  (3-20) 

Y  -  45°  -  a,  (3-21} 

U!  *  51.613  -  %A,  (3-19) 

S,  *  Ut  -  2.121,  (3-18) 


B 


and,  finally. 


c 


36.5 
sin  S’ 


36.5  -  0.707A 
sin  Y 


(3-22) 

(3-23) 


Now  it  is  possible  to  present  the  expressions 
for  the  first  panel's  geometry,  that  is 


Da,  ■  °-707A  -  nosr  (3-2'° 

and 

Dbi  =  0.707A  -  — •  (3-25) 

The  geometry  associated  with  the  first  panel  of 
the  gore  for  the  canopy  under  design  is  listed  in  Table  4(b). 


(2)  The  Second  Panel  Through  the  (n  -  1)  st  Panel 

The  geometry  associated  with  the  second  panel 
through  the  (n  -  l)st  panel  of  a  gore  comprised  of  n  panels 
for  a  solid-flat  circular  canopy  fabricated  from  a  36. 5-in. - 
wide  roll  of  cloth  is  depicted  in  Pig.  6.  Referring  to  this 
figure,  it  can  be  seen  that 

W  *  36.5  in.,  (3-26) 
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{,b>  Panel  Geometry 
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(b)  Panel  Geometry*  (continued) 
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F  *  " 

sin  y  » 

(3-27) 

0  *  w. 

sin  8  * 

(3-28) 

H  *  4*5. 

sin  y  * 

(3-29) 

J  *  - 1 » 5 

sin  8  ’ 

(3-30) 

and  s  *  *9.498  ln.. 

(3-17) 

0  *  51.618  In. 

are  as  follow?"  eXPresslons 

(3-31) 

the  second  panel's  geometry 

Ja  2  "  uai 


sin  y 


E.  =  n  *  sin  a 

bi  sin  g  * 

D  ®  d  *  19 .49 8  sin  a 
32  ai  sin~y  ~  * 

D.  =  n  _  i*9«  498  sin  « 
ba  bj  - - 


sin  8 


(3-32) 


(3-33) 


(3-34) 


(3-35) 


try  or  the  -ESS-pEa 


Ea  ~  Ea,  -  (x  -  2)  **9.498  sin  nr 

x  a*  SIFTT' »  (3-36) 

Eb  =  £b»  '  (x  -  2)  —9-498  sin  « 

x  sin  8 »  (3-37) 

Da  =  Da,  -  (x  -  l)  19_v498  sin  a 
x  31  bIxTy - »  (3-38) 

Db  3  Dbl  -  (x  -  i)  ^9.498  sin  n 

X  1  Sin  a  ( 


(3-38) 


sin  B 


(3-39) 


above  equations  refers  to  thft  the  subscript  x  in  the 

in  these  equations  7rl  givefby*”  nUnber*  uiuS  3% 


2  s  x  s  n  -  i. 


(3-40) 
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The  geometry  associated  with  the  first  panel 
through  the  (n  -  l)st  panel  of  the  gore  for  the  canopy  under 
design  is  listed  in  Table  Mb). 

(3)  The  nth  Panel 


The  geometry  associated  with  the  nth  pane}  of  a 
gore  comprised  of  n  panels  for  a  solid-flat  circular  canopy 
fabricated  from  a  36. 5-in. -wide  roll  of  cloth  is  depicted  in 
Pig.  7.  Referring  to  this  figure,  it  can  be  seen  that  the 
panel  geometry  is  calculated  from  the  following  expressions. 


and 


-  £a,  -  <n  - 

2) 

49.498  sin  a 

(3-41) 

sin  y  * 

*  Eb,  -  <"  - 

2) 

49.498  sin  a 

(3-42) 

sin  8 

.  0.707  (Sn  + 

^K) 

9 

(3-43) 

sin  y 

=  0.707  (sn  - 

%K) 

9 

•5T 

1 

m 

sin  $ 

*  L  -  Si  +  S 

(n  - 

2). 

(3-45) 

The  geometry  associated  with  the  nth  panel  of 
the  gore  for  the  canopy  under  design  herein  is  listed  in 
Table  Mb), 


M  STRESS  ANALYSIS 


The  purpose  of  the  stress  analysis  is  to  establish  the 
margins  of  safety  for  the  materials  selected  for  use  in  the 
prototype  parachute  assembly.  These  margins  are  calculated 
for  the  worst-case  loading  environment;  for  this  particular 
assembly,  such  a  condition  occurs  when  the  assembly  is  used 
as  a  member  of  a  six-parachute  cluster  to  airdrop  a  50,000-lb 
unit  load  from  an  aircraft  traveling  at  223  ft/sec  and  under 
a  76.3-lb/ft2  dynamic  pressure.  The  maximum  reefed  opening 
force  experienced  by  an  individual  assembly  for  such  an 
operational  environment  is  28,300  lb;  the  method  for  arriving 
at  this  maximum  is  presented  in  Volume  I,  Section  10. 

The  procedure  followed  for  calculating  the  margins  of 
safety  is,  first,  to  calculate  the  components'  allowable 
load  by  use  of  the  expression 


allow  load  = 


ult  strength _ 

overall  design  factor 


(4-1) 


19 


The  ultimate  stiength  is  taken  from  the  average  of  five 
control  samples  tested  to  their  ultimate.  This  is  presented 
in  Appendix  A.  The  overall  design  factor  is  arrived  at  by 
the  considerations  accounted  for  in  Table  5- 


Now,  the  margin  of  safety  becomes  simply 


M.S. 


allow  load _ 

worst-case  load 


1. 


(4-2) 


The  margins  of  safety  calculated  for  the  components  of 
the  selected  prototype  parachute  assembly  are  summarized  in 
Fig.  8* 


a.  Maximum  Canopy  Stress  for  a  Vent-pulldown  Parachute 

With  regard  to  the  parachute  canopy,  it  must  be 
pointed  out  that  the  establishment  of  a  stress  theory  is 
extremely  difficult  owing  to  the  very  nature  of  the  structure. 
It  is  it  flexible  device,  constructed  from  a  fabric,  and 
operates  in  a  highly  dynamic  mode.  Therefore,  as  far  as 
stress  analysis  is  concerned,  it  is  not  necessary  to  attempt 
tc  conduct  a  high-order  analytical  study.  Rather,  some 
basic  assumptions  were  used  that,  when  coupled  with  experi¬ 
ence  and  intuition,  lead  to  "ball-park"  results. 

Use  of  the  vent  pulldown  leads  to  opening-shape 
characteristics  that  somewhat  deviate  from  those  normally 
associated  with  the  standard  parachute.  This  is  indicated 
by  a  study  of  movie  film  depicting  deployments  of  single 
and  clustered  G-11A  vent  pulldowns  from  an  above-terrain 
altitude  of  1500  ft  and  a  release  velocity  of  150  knots.  The 
general  opening  shape  for  all  the  canopies  in  these  drops  is 
depicted  in  Fig.  9.  This  shape  is  most  definitive  at  or 
Just  following  full  reef,  the  point  at  which  the  parachute 
loads  are  at  maximum. 

Figure  9  shows  that,  at  full  reef,  the  canopy  exhib¬ 
its  prominent  domes  ("false  vents").  The  true  vent  is,  of 
course,  pulled  down  within  the  skirt  area.  Therefore,  there 
is  no  physical  means  for  the  canopy  to  bleed  off  pressure. 

This  accounts  for  the  relatively  quick  opening  and  resulting 
high  loads  associated  with  the  vent-pulldown  parachute. 

(1)  G-11A  Cargo  Parachute 

The  G-11A  cargo  parachute  under  discussion  here 
has  a  reefing  ratio  of  20J;  that  is,  DR  -  0.2D  .  This  then 
implies  that,  at  reefed  state,  the  parachute  diameter  is  20 
ft.  Figure  10  shows  the  results  of  scaling  from  the  frames 
of  the  previously  mentioned  movie  film.  As  can  be  observed, 
the  scaling  was  reasonably  accurate.  Therefore,  from  this 
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TABLE  5 

VARIOUS  CONSIDERATIONS  FOR  ARRIVING  AT  OVERALL  DESIGN  FACTOR 


It#* 

..onaldu  ration 

Design 

factor, 

cf/olk 

Overall 

design 

factor, 

Jcf/nlk 

Safety . 1 

J 

Lin* 

conver¬ 

gence^ 

c 

Aaya- 

»e  tries; 
load, * 

f 

Join’, 

err.,‘ 

SI 

An  ra¬ 
js  1  on ,  ' 

1 

Ks- 

tlRK*  »J 
k 

Canopy 

m 

Cloth 

BB 

N/A 

1.05 

1.00 

0.96 

0.95 

1.15 

2.30 

N*ln  mw 

1 

N/A 

1.05 

0.96 

0.96 

0.95 

1.  lb 

2.36 

Croat 

?.oo 

N/A 

1.05 

0.79 

0.96 

0.95 

1.96 

2.92 

Suspension 

line 

I 

1  1 

; 

to  con.  link 

2.00 

■ 

IQ 

0.>7 

0  96 

a.95 

1.29 

2.98 

To  skirt 

2.00 

mSM 

1.00 

0,90 

0.95 

1-20 

2.90 

To  Min 

teem  at 

skirt  and 
vent 

2.00 

K/A 

■ 

leOO 

0.96 

0.95 

1.15 

2.30 

To  vent 
ring 

2. CO 

N/A 

■9 

0.67 

0.96 

0.95 

1.33 

2.66 

2.00 

n/a 

n 

0.96 

* 

1.C0 

1.00 

1.09 

2.18 

2.00 

K/A 

0.99 

0.96 

0.95 

1.17 

2.3* 

Vent  relnf. 

- - — 

2.00 

K/A 

1.05 

0.93 

0.96 

0.95 

1.29 

2.98 

Riser 

■I 

To  conn, 
link 

2.00 

K/A 

1.05 

0.75 

0.95 

B 

3.06 

To  clevis 

2.00 

M/A 

1.05 

0.88 

0.95 

2.62 

ser  eat. 

7c  clevis 

2.00 

N/A 

1.05 

0.82 

0.96 

B 

1.91 

2.82 

To  load 
attach. 

2.  CO 

K/A 

1.05, 

v .  c7 

H 

2.68 

Splice 

2.00 

M/A 

1.05 

0.88 

0.96 

KSfl 

1 

2.62 

Center  line 

To  vent 
rlnt 

2.0C 

K/A 

1.05 

0.63 

0.96 

0.95 

1-39 

2.77 

To  clevis 

2.00 

N/A 

1.05 

0.87 

o.yS 

0.95 

1-32 

2.6* 

|  Splice 

2.00 

fi/A 

1.05 

0.86 

0.96 

0.95 

1.3* 

2.68 

‘Vol.  Sec.  3.0. 

’Ref,  3,  p.  37&. 

'Conventional  practice. 

*Afp.  A;  for  riser  extension*  set*  Pip.  A-l*. 

5$*lect*d  on  basis  of  having  service  life  similar  to  that  of  the  T-10- 
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4® 


Symbol 

Item 

Margin  of  safely 

Canopy 

A 

Cloth 

♦1.05 

B 

Main  seam 

♦0.96 

C 

Cross  seam 

0 

Suspension  line 

D 

To  conn,  link 

♦0.35 

E 

To  skirt 

♦0.39 

F 

In  main  seam 

♦0.38 

G 

To  vent  ring 

♦0.19 

H 

Vent  reinforcing 

♦0.75 

I 

Skirt  reinforcing 

♦0.*3 

Riser 

J 

To  conn,  link 

♦0.27 

K 

To  clevis 

♦0.*8 

Riser  extension 

M 

To  clevis 

♦0.17 

N 

To  load  attach. 

♦0.23 

0 

Splice 

0 

Center  line 

P 

To  vent  ring 

0 

Q 

To  clevis 

♦0.0* 

R 

Splice 

♦0.03 

Pig.  8.  Summary  of  the  margins  of  safety. 
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Fig.  9.  General  shape  characteristics 
associated  with  the  opening  of  the  G-11A 
vent-pulldown  parachute. 
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Pig.  11,  Approximate  dimensions  associated 
with  the  opening  shape  of  a  G-1XA  vent-pulldown 
parachute. 


figure,  it  can  be  established  that  the  high-pressure  area  of 
the  canopy  is  located  approximately  40  ft  from  the  skirt  of 
the  canopy.  Figure  11  (a)  shows  that  the  width  of  any  indi¬ 
vidual  gore  at  this  location  is  oimply 

2  x  ^  x  3  6-5  ln*  (4-3) 

Since  the  canopy  has  120  gores,  this  means  that, 
at  the  location  of  the  high-pressure  areas,  the  circumference 
can  be  calculated  to  be 

120  x  6.5  ■  7o  in.  *  65  ft.  (4-4) 

From  scaling  the  film,  it  was  determined  that 
the  false  vents  lie  on  a  circumference  of  a  circle  whose  diam¬ 
eter  is  approximately  18  ft  [see  Fig.  11  (b)j.  Hence,  the 
circumference  is 

18it  =  56  ft.  (4-5) 

Ths  difference  between  the  above  two  circum¬ 
ferences  is  9  ft.  This  means  that,  at  the  reefed  state, 
there  is  some  9  ft  of  fullness,  or,  for  the  case  of  four 
"false  vents,"  2.25  ft  per  false  vent.  This  amounts  to  some 
four  gores  per  high-pressure  area  that  have  not  yet  unfolded. 

The  stress  in  the  canopy  is  now  determined  by 
assuming  that  each  of  the  high-pressure  areas  lies  cn  the  dome 
of  an  18-ft-diam.  hemisphere.  Viewed  this  way,  the  maximum 
stress  becomes  simply  the  hoop  stress;  hence, 

qR  =  30  X  9  =  270  lb/ft  =  22.4  lb/in.,  (4-6) 

where  q  is  the  aerodynamic  pressure,  which  El  Centro  drop- 
test  data  reveal  to  be  approximately  30  lb/ft2  at  attainment 
of  full  reef. 


It  can  be  concluded  that  the  above  approach  to 
the  maximum  canopy  stress  present  in  the  deployment  of  a 
vent-pulldown  parachute  is  conservative  because,  in  practice, 
the  main  seams  carry  a  significant  port4  of  the  parachute 
load  and  consequently  cut  into  the  smoo»,n  hemisphere.  From 
Fig.  11  (c).  It  becomes  obvious  that,  since  R  <  R,  the 
product  of  q  and  R  is  reduced.  E 

(2)  Selected  Prototype  Parachute  Assembly  (D  s  135  ft) 

For  a  cluster  of  six  135-ft-diam.  vent-pulldown 
parachutes,  it  must  be  assumed  that  the  high-pressure  areas 
each  lie  on  the  dome  of  a  hemisphere  whose  diameter  Is 
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0.18  x  135 


24.3  ft 


(4-7) 


The  aerodynamic  pressure  at  the  time  of  maximum 
cluster  load  (at  or  following  attainment  of  full  reef)  is 
approximately  28.6  lb/ft*  (refer  to  Appendix  B).  Hence  the 
maximum  canopy  stress,  which  is  a  circumferential  stress 
acting  in  a  direction  normal  to  the  main  seam,  is 

qR  *  28.6  x  12.15  *  347  lb/ft  *  29  Ib/in.  (4-8) 

Knowing  the  maximum  canopy  stress,  it  is  now 
possible  to  calculate  its  margin  of  safety. 


(1  Canopy  Cloth 

The  allowable  load  on  the  canopy  cloth  itself 
is  calculated  from  Eq,  (4-1): 

allow  load  ■  *  59,4  lb/in.  (4-la) 

Use  of  Eq.  (4-2)  yields  a  margin  of  safety  of 


M.S. 


59.4  Ib/in. 
'29  lb/in. 


1  *  +1.05, 


(4-2a) 


where  (it  should  be  noted),  for  the  canopy,  the  :orst-case 
load  is  the  maxim>’m  canopy  stress. 


(2  Canopy  Main  Seam 

The  allowable  load  on  the  canopy  main  seam 
is  calculated  from  use  of  Eq.  (4-1).  Hence, 


allow  load  »  =56.8  lb/in.  (4-lb) 

Use  of  Eq.  (4-2)  yields,  for  the  margin  of 

safety 

M.S.  =  ^296lb/in?‘  '  1  *  +0*96.  (4-2b) 


(3  Canopy  Cross  Seam 


Once  more,  Eq.  (4-1)  yields  the  allowable 
load,  this  time  for  the  canopy  cross  seam: 


allow  load  =  *  20.5  lb/in.  (4-lc) 


Since 

as  to  subtend  an  angle 


the  cross  seam  is  located  on  the  gore  so 
of  45°  with  the  circumerential  refer- 
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ence,  and  since  the  canopy  stresses  in  the  direction  normal 
to  the  circumference  are  assumed  negligible.  It  is  permissi¬ 
ble  to  state  that  the  force  normal  to  the  cross  seam  is 
simply 


(max  canopy  stress)  x  sin  45° 

=  (29  lb/in.)  x  0.707  »  20.5  lb/in.  (4- 9) 

Equation  (4-2)  leads  to  the  following  calculated 
margin  of  safety: 


M.S. 


20.5  lb/in. 
20.5  lb  An. 


1  =  0. 


(4-2c) 


b.  Reefing  Line 

The  forces  to  which  the  reefing  line  is  subjected  are 
a  function  of  a  number  of  fixed  factors:  specifically,  the 
number  of  gores  in  a  parachute,  the  maximum  opening  load,  and 
the  length  of  the  suspension  lines.  These  forces  in  turn  are 
functions  of  certain  variables  which  may  not  be  determined 
without  a  drop-test  program — such  as  the  most  suitable  reef¬ 
ing  ratio  and  the  inflated  shape  of  the  reefed  parachute  as 
typified  by  the  angle  formed  between  the  tangent  tc  the  radi¬ 
al  seam  at  the  skirt  and  a  reference  parallel  to  the  para¬ 
chute  center  line. 


(1)  Recflng-line  Force 


Figure  12  depicts  the  force  behavior  of  the 
reefing  line  for  a  vent-cul ldown  oaraehute  at  i-h#»  initial 
stages  of  full  reefed  c:..iition.  If  F~  represents  the  maxi¬ 
mum  load,  tnen  the  force  in  one  suspension  line  becomes 


{pslVr 


N  cos  oFR  » 


(4-10) 


where  N  is  the  number  of  gores  comprising  the  parachute 
canopy  and  Is  also  equal  to  the  number  of  suspension  lines. 


The  component  of  the  suspension-line  force  in 
a  direction  parallel  to  the  parachute  center  line  Is  simply 


*  P 
V  * 


SLy'FR 


$ 


and  the  component  normal  to  the  center  line  is 


(4-11) 


( FSL., }  FR 
H 


a 


FR* 


(4-12) 
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«c 

F# 


mw  4-4 

*o*ce  *  me  reef**  uhe 


pig. 
line  of 


MG4CUVTE  FORCES 


12.  Assumed  force  behavior  of  full  reef  for  the  reeflmr 
a  parachute  employing  the  vent-pulldown  technique. 


For  the  parachute  to  be  In  reefed  equilibrium. 


(F 


Vs 


( -4—13) 


The  force  in  the  main  seam  radially  directed 
from  the  skirt  is 


(F  )  =  - . u 

^  R;S  N  cos  Bfr  * 

It  can  be  shown  that 

Fo 

^FRh^S  =  N  tan  eFR* 


(4-14) 


(4-15) 


The  force  that  normally  tends  to  open  the  mouth 
of  the  parachute  is  (Fg  )pR,  and  can  be  expressed  as 


^S^FR  =  ^ FRk ^ S  "  (PSLjj*?0*  (t-16) 

Substituting  Eqs.  (4-12)  and  (4-15)  into  Eq.  (4-16)  yields 


0 

{FSn}FR  =  fT  (tan  6  -  tan  a)pR.  (4-1?) 

If  it  is  desired  to  use  reefing,  it  can  be  seen 
that  the  force  acting  directly  on  the  reefing  rings  (as  a 
result  of  the  reefing  line’s  resistance  to  the  opening  tenden¬ 
cies)  has  a  magnitude  equal  to  (F„  )_D  but  opposite  in 
direction.  bN  1'R 

The  force  in  the  reefing  line  can  now  be  simply 

expressed  as 

(F  } 

USj/FR 

FRL  "  2  sin  (360/2N)  *  (4-l8) 

Substituting  Eq.  (4-17)  into  Eq.  (4-18)  yields 


(tan  3  -  tan  a)„B 

_______  _ r  a 

2U  sin  OKo/2:;)  • 


(4-19) 
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However,  it  becomes  desirable  to  express  the 
forces  in  the  reefing  line  in  terms  of  tne  reefing  ratio. 
Prom  Fig.  12,  it  can  be  seen  that 


a  =  sin 


The  reefing  ratio  is  defined  by 


(4-20) 


(4-21) 


where  DR  is  the  steady-state  diameter,  and  D-.  is  the  diameter 
of  the  flattened  canopy.  Now,  substituting  the  latest  two 
equations  into  Eq.  (4-39)  finally  leads  to 


tan  8pR  -  tan  [sin-1  (RDQ/2LSL) ]pR 
2N  sin  (360/2N) 


.(4-22) 


(2)  Selected  Prototype  Parachute  Assembly 

Figure  13  depicts  the  curves  plotting  Eq.  (4-22) 
for  various  8-values.  These  curves  are  based  upon  the  geom¬ 
etry  associated  with  the  selected  prototype  parachute  assem¬ 
bly;  that  is. 


Dq  =  135  ft. 


and 


Lsl  *  169  ft, 
N  =  160  gores. 


Referring  to  Fig.  10,  it  can  be  seen  that 
18°.  In  addition,  the  established  reefing  ratio,  RpR, 
the  selected  prototype  is  approximately  19. 1Z  (Volume  I 
Section  10.2,  p.  l6l).  Hence,  from  Fig.  13, 


*  0.042  • 

F0 

Since,  for  this  case,  F^  is  28,300  lb,  then 
Fdt  =  1187  lb. 


(4-23) 


(4-23a) 
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Now  it  is  possible  to  arrive  at  the  allowable 
load  on  the  reefing  line.  From  Eq.  (*1-1), 


allow  load  =  "7ij^gb  =  1261  lb. 


( 4-ld) 


lated  to  be 


From  Eq.  (4-2),  the  margin  of  safety  is  calcu- 


M.S . 


1261  lb 
1187  lb 


*0.06. 


(4-2d) 


c.  Skirt-reinforcing  Band 


It  can  be  reasonably  assumed  that  the  skirt-rein¬ 
forcing  band  experiences  its  maximum  force  at  approximately 
full  open  since,  in  this  condition,  the  scalloped  shape 
associated  with  the  skirt  is  minimized.  Reference  to  Volume 
I>  p.  164,  reveals  that  it  is  also  reasonable  to  assume  that 
the  maximum  parachute  force  is  approximately  the  same  for 
full  open  as  for  full  reef. 

(1)  Load  Experienced  by  the  Skirt-reinforcing  Band 


Figure  14  depicts  the  assumed  force  behavior  at 
full  open  for  the  skirt  of  a  parachute  employing  the  vent- 
pulldown  technique.  Using  rationa3 e  similar  to  that  exem¬ 
plified  in  calculating  the  reefing-line  force  enables  the 
calculation  of  the  maximum  load  experienced  by  the  skirt¬ 
reinforcing  band.  To  do  this,  the  very  conservative  assump¬ 
tion  is  made  that  there  is  no  scalloping  effect  at  the  skirt. 

A  portion  of  the  aerodynamic  force  acting  on  the 
gore  is  resisted  at  the  skirt.  This  resistance  is  equal  to 
the  horizontal  component  of  the  suspension-] ine  force. 


^SL^FO 


^SL^FO 


tan  aT 


(4-24) 


View  A-A  cf  Fig.  14  shows  that  the  force  in  the 
skirt -reinforcing  band  at  full  open  becomes 


^SL^FO 

?SB'F0  =  2  sin  (360/2N] 


(4-25) 


Substituting  Eq.  (4-24)  into  E n  (4-25)  yields 


?3 


REFER  70  F76.  4-6 
FOR  FORCE  8EMN0R 
AT  VENT 


A  \  A 

L\  J 


*'h\  sso/gR 


FARACUUTE  FORCES 


V/ENA-A 

FORCE  *4  THE  SK/RT 
SANP 


Fig.  14.  Assumed  force  behavior  at  full  open  for  the  skirt 
of  a  parachute  employing  the  vent-pulldown  technique. 


'FSLv5FO  tan  aF0 


(PSB^FO  *  2  sin  (360/2N)  * 

(2)  Selected  Prototype  Parachute  Assembly 


(4-26) 


The  geometry  associated  with  the  prototype  para¬ 
chute  assembly,  shown  at  full  open  in  Fig.  14,  is  as  follows. 


FO 


-  96  ft. 


and 


Lsl  *  169  ft, 

N  *  160  gores. 

From  this  information,  it  can  be  seen  that 


FO 


»  ^8  ft 

sin  169  ft 


or 


ap0  *  16.5°. 


(4-27) 

(4-28) 


Use  of  Eq.  (4-26),  if  the  maximum  force  at  full 
open  is  28,300  lb,  yields 


^SB^FO 


28.300  tan  16.5°  _  ,„7I-  L 

2  x  i£o  x  sin  (360/2N)  ~  1375  J-b.(*»-26a) 


The  allowable  load  on  the  skirt-reinforcing 
band  is  calculated  by  Eq.  (4-1).  Hence, 

allow  load  =  =  196u  lb.  (4-le) 

From  Eq.  (4-2),  the  margin  of  safety  is  calcu¬ 
lated  to  be 


M.S. 


I960  lb 
1375  lb 


-  1  -  +0.43. 


(4-2e) 


d.  Vent-reinforcing  Band 

It  can  be  reasonably  assumed  that  the  vent-reinforc¬ 
ing  band  experiences  its  maximum  force  at  approximately  full 
open,  since  in  this  condition  the  scalloped  shape  associated 
with  the  vent  is  minimized. 
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Referring  to  Pig.  2^ ,  it  can  be  assumed  that  at 
full  open  the  force  in  the  radial  main  seam  at  the  skirt  is 
equal  to  the  force  in  the  suspension  line.  Hence, 


(FRsJFO  *  (FSL'FO* 


(4-29) 


Carrying  this  reasoning  further,  one  can  state 
that  the  force  or  tension  in  that  portion  of  the  suspension 
line  that  traverses  the  main  seam  is  constant  throughout. 
Therefore,  it  earn  be  assumed  that,  at  full  open,  force  in  the 
main  radial  seam  at  the  skirt  is  equal  to  the  force  in  the 
main  radial  seam  at  the  vent: 


(PRs'F0  =  (PRvt';FO* 


(4-30) 


Substituting  Eq.  (4-29)  into  Eq.  (4-30)  yields 


(FRvt)?0  =  (Fsl)fo’ 


(4-31) 


The  algebraic  summation  of  the  horizontal 
components  of  (PR  )pQ  and  the  vent-line  force  (Pyr )po  yield.* 

the  value  of  the  normal  force  pulling  outward  on  the  vent¬ 
reinforcing  band,  creating  its  tension  load: 


(FvtN'FO  =  (FRvt  '  Fo  ^VL^FO* 
H 


(4-32) 


From  reasoning  similar  to  that  used  for  the 
reefing  line,  the  tension  or  force  in  the  vent-reinforcing 
band  at  full  open  can  now  be  conservatively  stated  as 


,'F  ) 

■ v  vtM '  FO 

/p  _  _ N  _ 

v  VB'FQ  2  sin  (360/2N] 


(4-33) 


Substituting  Eq.  (4-32)  into  Eq.  (4-33)  yields 


(fWfo 


7  )  -  (F  ) 

Rtr.  'FO  ' r  VL„ '  FC 

vtH  H 

"  2  sin  ( 36o/2N ) 


(4-33a) 


From  Fig.  15,  it  can  be  seen  that 
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Pig.  15.  Assumed  force  behavior  at  full  open  for  the 
vent  of  a  parachute  employing  the  vent-pulldown  technique. 
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(4-3*0 


(FR  .  Vo  “  (FRvf  Vo  tan  (BvtVo 

vlH  vzV 


^VLjj^FO  =  (FVLvVo  tan  (avtVo* 


(4-35) 


Substitution  of  Eqs.  (4-34)  and  (4-35)  into 
Eq.  (4-33a)  yields 


(FVB  Vo 


(FR  Vo  tan  (BvtVo  “  ^VI^FO  tan  (avtVo 

V  V  V 


(4-33b) 


To  satisfy  equilibrium  conditions, 
{FRvt  Vo  =  (FVLv^FO» 


(4-36) 


and  Eq.  (4-33b)  becomes 

(FVLvVo  ^tan  (BvtVo  “  tan  (avtVo^  . 

(p  )  =  _ Y . . . . . . .  (4-33c) 

v  VB;FO  2  sin  (360/2N) 


The  vertical  component  of  the  vent-line  force 
at  full  open  can  be  expressed  as 


0.4  Fq 

{  T?  j  s  _ 

VAVLy;F0  n 


(4-37) 


and  the  angle  (Bvt)FCi  at  full  open  as 


(Bvt)F0  “  cos 


(fr  Vo 

-l  Vl,v 


(4-38) 


Ryt ' F° 


(4-38)  yields 


Substitution  of  Eqs.  (4-31)  and  ,.4-36)  into  Eq. 


^vtVo  =  cos 


^VL^FO 

(fslVo 


(4-38a) 


From  Fig.  14,  it  can  be  seen  that 
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Since 


(4-39) 


(F  )  -  (PSL)FO 

irSLv;FO  ~  cos  apo  * 

(p  )  _!0 

^rSLv;FO  "  II  » 

the  expression  for  (8vt)pC  is  reduced  to 


(4.110) 


^vt'FO  =  C0S 


-1 


N(PVLv)F0 


cos  a 


FO 


( 4~38b ) 


Substituting  Eqs.  ( ^—37 )  and  (4-38t)  into  Eq. 
(4-33’)  finally  yields  the  force  in  the  vent  band  at  full 
open : 


^VB^FO 


?0  (tan  [cos-1  (0.4n  cos  3p0))  -  tan  (“y^po' 


5N  sin  (3S0/2N) 


(4-33d) 


In  the  prototype  parachute  assembly  under  3tudy, 
the  following  information  is  characteristic  at  full  open: 

FQ  ■  28,300  lb, 

N  *  160  gores 
aFO  =  1^*5°  > 

and 

(avt^F0  =  450  * 

Substitution  of  these  values  into  Eq.  (4-33d) 

(fVb)fo  *  1060  lb-  (4-41) 

The  allowable  load  on  the  vent -rein forcing  band 
is  calculated  by  Eq.  (4-1).  This  leads  to 

allow  load  =  =  1850  lb.  (4-lf) 

Use  of  Eq,  (4-2)  leads  to  the  following  margin 

of  safety. 


yields 
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The  ultimate  load  of  the  suspension  lines  is  calcu¬ 
lated  from  the  expression 

ult  load  =  (no.  of  lines)  *  (line  strength) .  (4-4?) 
For  the  case  herein, 

no.  of  lines  =  160 

and 

line  strength  =  591  lb; 


hence. 


ult  strength  =  (160  lines)  x  (591  lb/line)  *  94,500  lb. 

(4~42a) 


(1)  Suspension  Lines  Joined  at  Connector  Links 

Equation  (4-1)  yields  the  allowable  load  on  the 
suspension  lines  based  upon  the  joint  at  the  connector  links; 


allow  load  =  «  38,200  lb. 


( 4-lg) 


The  margin  of  safety,  from  Eq.  (4-2) ,  becomes 


mo  _  33,200  lb  ,  ,  +n 
M*S*  “  28^300  lb  * 

(2)  Suspension  Lines  Joined  at  Skirt 


( ft~2g) 


The  allowable  load  on  the  suspension  lines 
based  upon  the  joint  at  the  skirt  is 

allow  load  =  5M"  =  39,400  lb.  (4-lh) 


Therefore  the  margin  cf  safety  is 
,*  f  —  39,400  lb 

K-  S'  “  2^tW5~Ib  -  ^  ~  +i"3S 


( 4-2'n) 


f_3_) _ Suspension  Lines  in  the  Main  beam  Joined  at 

the' Skirt  and  Vent 


The  allowable  lead  at  the  skirt  and  vent  on  the 
suspension  lines  tr«  the  main  seam  (since  the  suspension  lines 


run  through  the  main  seam  on  up  to  the  apex)  is 


allow  load 


2475  lb 


(4-lk) 


70C O  l U 
—  £  «-  gd 


The  margin  of  safety  is 

M-s-  *  ilffiib  -  1  ■  +o-2?. 


(4-2k) 


where  the  worst-case  load  experienced  by  the  riser  is  based 
on  the  total  worst-case  load  experienced  by  the  suspension 
lines.  The  latter  case  is  stated  in  Eq.  (4-43a).  Since  ten 
suspension  lines  feed  into  each  riser  via  the  connector  link, 
the  riser  worst-case  load  becomes 


pc  O.lfi  1  K 

worst-case  load  =  *  (10  lines/riser) 


1870  Ib/riser. 


(4-44) 


(2)  Riser  Joint  at  the  Clevis 


The  allowable  load  for  the  riser  at  the  clevis 


allow  load  =  *  11,100  JLb .  ( 4-lm) 


The  margin  of  safety  becomes  simply 


M.Sr  * 


11,100  lb _ 

!?0  lb)  x  (4  ply) 


-  1  *  +0.48  (4-2m) 


g.  C  *nter  Line 

(1)  Center-line  Joint  at  the  Vent  Ring 

Equation  (4-1)  yields  the  allowable  load  for 
the  center-line  at  the  vent  ring: 

allow  load  *  UJL^.eiLlkl L  =  11,200  lb. 

^-(l  (4-lp) 

From  Eq.  (4-2),  the  margin  of  safety  is 


f'  <;  «  _ ill  _  ]  ~  0 

r  ~ ’  11  ,300  lb  A  ’ 


( 4-2p) 


where  from  Volume  1,  p.  176,  it  can  be  seen  that  the  center- 
line  worst- case  Iced  is  given  by 


CENTER  me, 

Mate  ayylon  wee, 

MfLrN-meS,  7Y  TTW 

e-Ry 

center-line  Joint  at  the  vent  ring. 


worst-case  load  =  0.4  x  (28,300  lb)  3  11,300  lb.  (4-47) 


(2)  Center-line  Joint  at  the  Clevis 


The  allowable  load  on  the  center  line  at  the 

clevis  is 


allow 


load  = 


(15.512  lb)  x  (2  ply)  _ 


11,750  lb.  ( 4-lq ) 


The  margin  of  safety  is 


M.S. 


11.750  lb 
11,300  lb 


+0.  4. 


( 4-2q) 


(3)  Center-line  Splice 

(1  Margin  of  Safety  on  the  *asls  of  Theory 

Figure  19  reveals  that  the  length  of  stitch¬ 
ing  for  the  splice  is  11-5/8  in.  If  there  are  approximately 
7  stitches  sewn  per  inch,  then  for  8  rows  of  stitching  there 
is  a  total  of 


(11-5/8  in. /row)  x  (7  stitches/in.)  x  (8  rows) 

=  650  stitches. 


The  rated  ultimate  tensile  strength  of  the 
thread  is  50  lb.  This  means  that,  for  650  stitches,  the 
following  ultimate  tensile  load  can  bu  developed: 

(650  stitches)  x  (50  lb/stitch)  =  32,550  lb; 

however,  the  efficiency  of  the  thread  is  approximately  15%, 
and  the  abrasion  and  fatigue  factors  are  0.96  and  0.95,  re¬ 
spectively.  Noting  that  the  safety  factor  is  2.",  then  the 
thread's  overall  design  factor  becomes 


_ 2.0 _ 

0.75  *  0.96  *0.95 


2.92. 


Now,  using  Eq.  (4-1),  it  becomes  possible 
to  arrive  at  the  theoretical  allowable  load  for  the  splice: 


allow  load  =  =  11,120  lb. 


The  margin  of  safety  for  the  splice  become? 


(4-45) 


M.S. 


1  *  -0.02. 


(4-i*6) 


11.120  lb 
11,300  lb 


The  negative  margin  of  safety  based  on 
theoretical  determination  of  the  efficiency  of  the  center- 
line  splice  indicates  that  the  center-line  splice  may  be 
marginal.  Hence,  it  becomes  necessary  to  conduct  structural 
tests  to  determine  the  actual  efficiency  of  the  splice. 


(2  Margin  of  Safety  on  the  Basis  of  Tests 

Appendix  A  shows  that  testing  reveals  the 
allowable  load  for  the  center-line  splice  to  be 


allow  load  *  ; 


512  lb) 

— TTW 


Pty).  =  11,600  lb.  (4-ir) 


The  margin  of  safety,  therefore,  becomes 


M.S. 


11.600  lb 
11,300  lb 


1  *  +0.03. 


(4-2r) 


This  margin  of  safety  is  higher  than  that  arrived  at  from 
theory  (Eq.  4-46);  hence,  it  can  be  concluded  from  the  results 
of  Eqs.  (4-46)  and  (4-2r)  that  the  margin  of  safety  derived 
from  theory  is  reasonably  conservative. 


h.  Riser  Extension 


The  riser  extension  (or  main  riser)  is  of  6-ply  web¬ 
bing.  Because  of  the  high  anticipated  ultimate  strength  of 
the  riser  extension  (of  the  order  of  90,000  lb)  destruct 
testing  at  Pioneer's  laboratory  facilities  becomes  infeasi¬ 
ble.  As  a  result,  the  means  for  arriving  at  this  configura¬ 
tion's  joint  efficiency  is  accomplished  by  theoretical 
calculations  based  on  those  presented  in  ref.  4  and  summa¬ 
rized  by  the  curve  depicted  in  Fig.  21. 

Table  6  presents  the  results  of  the  above  theory. 

It  shows  that  the  correlation  between  the  theoretical  joint 
efficiencies  and  the  test  joint  efficiencies  for  both  the 
riser  and  center  line  compare  favorably.  In  fact,  the  theory 
is  somewhat  conservative.  As  a  result,  it  can  be  stated  with 
confidence  that  the  riser-extension  joint  efficiencies  arrived 
at  through  the  theory  presented  in  ref.  4  are  reasonably 
realistic. 

In  Fig.  21,  the  curve  defines  the  joint  efficiency 
of  a  webbing  around  a  pin.  The  parameter  is  given  by  the 
expression  r^/Nt,  where  U  is  the  number  of  webbing  plies,  r^ 
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COMPARISON  OP  EFFICIENCIES  BASED 
ON  THEORY  AND  TEST 
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Is  the  inside  radius  of  the  innermost  ply  of  webbing  (in 
inches),  and  t  is  the  webbing’s  thickness  (in  inches).  The 
curye  falls  to  account  for  the  reinforcing  effect  of  any 
buffer  or  sleeves;  hence,  r,  becomes  simply  the  radius  of 
the  pin. 


(1)  Riser-extension  Joint  at  the  Clevis 

Equation  (4-1)  yields  the  allowable  load  for 
the  riser  extension: 

allow  load  -  11  .VlH  •  33,000  lb.  (4-ls) 

The  margin  of  safety,  from  use  of  Eq.  ($-2),  Is 
calculated  to  be 


M*s‘  *  ffiWTE  *  1  '  +0-i?*  <4-2a) 

(2)  Riser-extension  Joint  at  the  Payload  Attachment  - 

The  allowable  load  for  the  riser  extension  at  the 
payload  attachment  is 

allow  load  *  *  <£-ElaLl  «  37,800  lb.  (4-lt) 

The  margin  of  safety  is 

”*S*  *  "  1  *  +0-23-  (4“2t) 

(3)  Riser-extension  Splice 

(1)  Margin  of  Safety  on  the  Basis  of  Theory 

Since  the  riser-extension  splice  JLs  the  same 
as  that  for  the  center  line  with  the  exception  of  the  wrap, 
and  since  the  theoretical  calculations  Ignore  the  influence  of 
the  wrap,  the  margin  of  safety  for  the  riser-extension  splice 
Is  the  same  as  that  for  the  center  line;  therefore,  reference 
i3  made  to  Section  $.g(3)(l  of  this  volume. 

(2)  Margin  of  Safety  on  the  Basis  of  Tests 

Appendix  A  shows  that  testing  reveals  the 
allowable  load  for  the  riser-extension  splice  to  be 

allow  load  «  y  -l2  B&I  -  11,850  lb.  (*~iu) 
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5* 


The  margin  of  safety  Is 


M.S. 


11.850  lb 
(28,300  lb j/3 


+0 . 25* 


(U-2u) 


Once  again,  it  Is  shown  that  the  margin 
of  safety  for  the  splice  derived  from  theoretical  calculations 
is  reasonably  conservative.  It  can  also  be  seen  that  use  of 
a  stronger  wrap  for  the  riser-extension  splice  yields  a 
slightly  higher  margin  of  safety  than  for  the  splice  for  the 
center  line  using  the  lesser-strength  wrap. 

5.  MATERIAL  LIST  AND  WEIGHTS 

The  materials  comprising  the  prototype  parachute  assembly 
are  listed  in  Table  7  along  with  corresponding  weights.  The 
materials  list  accounts  for  approximately  a  131  overage;  this 
overage  is  deducted  to  arrive  at  a  reasonable  estimated  total 
weight . 
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APPENDIX  A 

LABORATORY  TEST  REPORTS 
E-01511 ,  TL  SERIES 
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VAiiJLE  A-l 

LAUCKATORX  TEST  RLPOR'i 
^-015^,  ’i’L  SERIES 


( continued  on  next  page) 


'i'AUidi  A-i  (continued) 
LABORATORY  TtiST  HLPOFV 


Fig.  a-1.  Key  to  laboratory-test  reports,  E-Q15** 
TL  series  for  135 -ft  lion.  Dla.  cargo  parachute,  N/LABS 
Deg.  No.  X11-1-16M. 


This  page  is  intentionally  left 
blank , 


LABORATORY  TEST  REQUEST /REPORT 


ITEMCSI)  TO  BE  TESTED 

Nylon  Cloth,  control  sample 
MIL-C-7020,  ?y.  II 


PROJECT 

MO. 


E-G15* 


TEST 

NO. 


TL/l 


PURPOSE  J3  ULTIMATE  0*01**  OF  ^EFFICIENCY  fTOTHEP 
STRENGTH  FAILURE 


TESf  hethod  Teat  in  accordance  with  Federal  Specification 
CCC-T-191b,  aethod  510*.  Oae  Scott  Tester,  Model  J-3, 
110-lb  capacity  with  12  in/aln  load  rate. 


REQUESTED  BY 

DATE  REQUESTED hEQUCST  APPD. 

BY 

DATE  APPROVED 

MKK 

11/21/68  !  RAT 

11/21/63 

tSble 


COMMENTS 


Pit.  Strength,  lb/ln. 


Sample 

SS£E 

Pill 

1 

63 

79 

2 

69 

76 

3 

71 

YR 

4 

70 

76 

5 

71 

76 

A». 

69 

76 

results  mi  oacvrred  orer  elniaua  uitlnate 

rated  strength . 


CONCLUSIONS 


TESTED  9» 


La  Rive  re  2»j££Ig£ 


WTE-  &PB304.1MB  7XIR£AD£P  70 

score  ombwchs 


/MjONCtam  CWTKOL  SSUPtE 


SKETCH  E-OHM,  71/7 
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t 


L 


LABORATORY  TEST  RcQUe >7/REPORT 


!TEM(sl>  TO  BE  TESTED 

Nylon  cloth,  control  sample 
MIL-C-7020,  Ty.  II  Bias-Cut 

PROJECT 

NO.  £-0154 

TEST 

NO.  TL/2 

PURPOSE  Q ULTIMATE  n^OINT  OF  P 
STRENGTH  FAILURE 

EFFICIENCY  QOTHER 

TEST  METHOD  Similar  to  Federal  Specification  CCC-T-191b, 
Method  *?100,  except  test  5  samples  cut  on  the  bias.  Use 
Tinius  Olsen  Testing  Machine,  500  lb  scale,  witn  12  ln/mln 
load  rate. 

1 DATE  RE0UESTED 

REQUEST  APPO. 

BY 

DATE  APPROVED 

|  1.V15/68 

RAT 

_ 

11/15/68 

MMK 


TABLE 


Ult.  bias 
strength , 


Sample 

P.  lb 

lb/in 

1 

124.8 

124.8 

2 

124.2 

124.2 

3 

173.0 

173-0 

4 

129.6 

129.6 

5 

131.4 

131-4 

At. 

136.6 

136.6 

COMMENTS 

1.  Ultimate  bias  strength 
Is  calculated  using  the 
following  relationship: 

Ult.  bias  »  , 

where  P  Is  the  ultimate 
strength  of  the  sample,  lb; 

V  is  original  width  of  the 
test  specimen,  in.;  and  D 
is  the  initial  Jaw  separation 
In. 


I 


J 


u 


4 


NYLON  CLOTN,  BI£S-Cl/r  CONTWL  SAMPLE 


SKETCH  E-0/S4,  TL/f 
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LABORATORY  TEST  REQUEST/REPORT 


Irenes)  to  be  testeo 

PROJECT 

NO.  E-0154 

Reefing  Line,  control  sample 

Spec.  MIL-C-7575,  Ty.  VII 

TEST 

NO.  TL/3 

STRENGTH 


FAILURE 


T!S'  Sa**  **  federal  Specification  CCC-T-191b, 

Method  4102,  except  lest  5  samples  and  report  to  the 
nearest  5  pounds.  Use  Tinlus  Olsen  Testing  Machine 
12, COO  lb  capacity  with  12  in/min  load  rate. 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

MMK 

10/16/68 

RAT 

TABLE 

Sample 

Ult.  Strength,  lb. 

1 

2755 

2 

2680 

3 

2800 

4 

2730 

5 

2780 

Av. 

2749 

COMMENTS 


RESULTS 

strength 


All  failures  occurred  over  min.  ultimate  rated 


CONCLUSIONS 


LABORATORY  TEST  REQUEST/REPORT 


ITEM(S)  TO  BE  TESTED 
Nylon  Cord,  control  staple 
MIL-C-5040,  Ty.  Ill 


PROJECT 

NO. 

E-0154 

TEST 

NO. 

TL/4 

PURPOSE  Cl  ULTIMATE  f“|pOINT  OF  n^'ICIENCY  PTOTHER 
STRENGTH  FAILURE 


Test  in  tceordtnce  with  Federal  Specification 
CCC-T-191b,  Method  4102.  Use  Tinius  Olsen  Testing 
Machine  2400  lb  capacity  with  12  ln/aln  load  rate. 


REQUESTED 

BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

MMK 

11/21/68 

RAT 

OATF.  APPROVED 
11/21/68 


TABLE 

Staple 

1 

2 

3 

4 

5 

Av. 


Pit.  Strength,  lb. 


COMMENTS 


640 

575 

582 

580 

580 

591 


RESULTS 

All  failures  occurred  over  ainlau*  ultimate  rated 
strength . 


CONCLUSIONS 


TESTEO  BY  ^  myere  11/25/68  |p*TE  COMPLETED 
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LABORATORY  TEST  REQUEST/REPORT 


ITEM(S)  TO  BE  TESTED 

PROJECT 

NO. 

- j 

E-0154 

Nylon  Web,  control  sample 
MIL-W-5625.  1  W  4000  lb  t.s. 

TEST 

NO. 

TL/5 

PURPOSE  [3  ULTIMATE  Q^OINT  OF 
STRENGTH  FAILURE 


□  EFFICIENCY  QOTHER 


test  method  <re8t  ln  accordant  with  Pederal  Specifica¬ 
tion  CCC-T-191b,  Method  5100.  Use  Tinius  Olsen  Testing 
Machine,  12000  lb  capacity,  with  4  in/min  load  rate. 


REQUESTED  BY 
MKK 


DATE  REQUESTED 
11/21/68 


REQUEST  APPD. 
RAT 


BY 


DATE  APPROVED 
11/21/68 


TABLE 

COMMENTS 

Sample 

Ult.  strength,  lb 

1 

4710 

2 

4600 

3 

4550 

4 

4520 

5 

4610 

Av. 

4598 

RESULTS 

All  specimens  failed  above  min.  rated  strength. 

CONCLUSIONS 

TESTEO  BY 

La. Blaajsa. -11/25/&& 

DATE  COMPLETED 
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LABORATORY  TEST  REQUE5T/ REPORT 


ITEMCS)  TO  BE  TESTED 

Nylon  Web,  control  sample 

1  W  MIL-W-27265,  Ty<  XVIII, 

Cl  R,  6000  lb  t.s. 

PROJECT 

NO. 

TEST 

NO. 

TL/6 

PURPOSE  [3  ULTIMATE  QpOINT  OF  P 
STRENGTH  FAILURE 

EFFICIENCY  0OTHER 

Teat  in  accordance  with  Federal 
CCC-T-191b,  Method  5100.  Use  Tinlua  Olaen 
Machine,  12,000  lb  capacity,  with  4  in/aln 

Specification 
Testing 
load  rate. 

REQUESTED  BY 

MMX 

DATE  REQUESTED 
11/4/68 

REQUEST  APPD.  BY 
RAT 

DATE  APPROVED 
11/4/68 

TABLE 


Sample  Pit,  strength,  lb 


COMMENTS 


1 

2 

3 

Av. 


7250 
7259 

7251 

7253 


RESULTS  specimens  failed  above  the  niniaum  rated 

strength. 


CONCLUSIONS 

TESTED  BY  La  Riviere  11/5/68 

DATE  COMPLETED 
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LABORATORY  TEST  REQUEST/ RE PORT 


1TEMCS5  TO  BE  TESTED 

PROJECT 

1 

Nylon  Weo,  control  sample 

1  3/fc  W,  MIL-fc-27265,  Ty.  XXVI, 
Cl  R,  15,000  lb  t.s. 

NO. 

TEST 

NO. 

TL/7 

PURPOSE  (3  ULTIMATE  QPO^T  OP  n^PPlCIENCY  HITHER 
STRENGTH  FAILURE 


TEST  METHOD  „ 

Test  in  accordance  with  Federal  Specification 
CCC~T~191b,  Method  5100.  Use  Tinius  Olsen  Testing 
Machine  £0,000  lb  cap 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

DATE  APPROVED 

MMX 

ll/A/68 

_ 

RAT 

ll/ft/68 

j  TABLE  1 

Sample  Uit.  strength,  lb 


1 

2 
3 

Av. 


15,500 

15,520 

15,517 

15,512 


RESULTS 

All  specimens  failed 

above  minimum  rated 

strength. 

|  CONCLUSIONS  ! 

TESTED  by  La  Rivl ere  11/5/68 

DATE  COMPLETED 

LABORATORY  TEST  REQUEST/ RE PORT 


ITEM(S)  TO  BE  TESTED 

PROJECT 

Attechaent,  vent  line  to  vent 

MO.  E-0154 

ring 

TEST 

NO.  TL/8 

PURPOSE  Q ULTIMATE  (2POINT  OP  finEFFICJENCY  OOTHER 
STRENGTH  FAILURE 


test  method  0a#  Tinlu*  Olsen  Testing  Machine.  2,400  lb 
capacity,  with  12  in/ain  load  rate.  Fabricate  and 
test  5  staples  per  attached  sketch.  Report  results  to 
the  nearest  pound. 


REQUESTED  BY 

OATE  REQUESTED 

REQUEST  APPO. 

by] 

DATE  APPROVED 

MMX 

10/18/68 

RAT 

I 

10/18/68 

IfcLIIl 


COMMENTS 

See  sketch  for  cone  of 
failure. 


RESULTS  joint  efficiency  %9:  loo  «  (Ay.  alt.  strength 
of  Joint/Av.  ult.  strength  of  cord)  *  100  (716/1182)  ■ 
60*. 


conclusions  Efficiency  of  the  Joint  is  less  than  expected. 
Eliminate  the  knot  end  repeat  the  test. 


TESTED  by  Hinkle  10/18/68  I^TE  COMPLETED 
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NOTEZAS-ZAS  STJTCNm  SHALL  SB  7- It  Sr/dN 

comm  on  rue  sub  noin  mm  /moN  size 
‘b'tunbad  asm  a  ?  step  amounts.  smcum 
SHALL  BE  16  t$*  mOB 


UNB  ATTACHMENT  TO  Am  TONS 


SKETCH  BOSS,  71/8 


7* 


LABORATORY  TEST  REQUCST/PEPORT 


ITEM<S)  TO  BE  TESTED 
Attachment,  rent  line  to  vent 
ring.  Ref.  NALABS  Deg.  no. 
Ill* 1-1646,  Detail  K 


PURPOSE 


TEST  METHOD 

Dae  Tlnlus  Olsen  Testing  Machine  vlth  12 
In/mln  load  rate.  Fabricate  5  samples  and  teat  per 
attached  sketch.  Report  the  results  to  the  nearest 
pound. 


REQUESTED  BY  I  DATE  REQUESTED  REQUEST  APPD.  BY  DATE  APPROVED 
MMX  I  10/18/63  RAT  10/18/68 


table 

COMMENTS 

S maple 

Olt.  strength,  lb 

See  attached  sketch  for 
sone  of  failure. 

1 

1,050 

2 

996 

3 

1,0*8 

a 

1,032 

5 

998 

Av. 

1.025 

PROJECT 

NO. 

TEST 

NO. 

TL/8-1 

ULTIMATE  O POINT  0*'  RjEfPlClENCY  [TOTHER 
STRENGTH  FAILURE 


RESULTS 

Efficiency  of  Joint  Is:  100  *  (Av.  ult. 
strength  of  Jclnt/Av.  ult.  strength  of  cord)  *  100 
(1025/1182)  -  87S. 


conclusions  01 t last e  strength  of  the  attachment  Is 

acceptable  for  Intended  application. 


TESTE0  by  X.  Hinkle  10/16/68 Iqate  completed 


5 


A 


we-  zj6-z48  smc/me  emu  ee  t-k  st/jn 
comm  on  me  sue  non  mm  nylon  sze 
e  mmm  ssmA  e  seep  machete.  smarm 
shall  ee  te  tg»  mde 


ue  ATTACHMENT  TO  TENT  TONS 


sketch  eotsA,  n/e-t 

7b 


LABORATORY  TEST  REQUEST/REPORT 


ITEH(S)  TO  BE  TESTED 

Attachment,  vent  line  to  *-ent 
band.  Ref.  NALABS  Dk£.  no. 
Xll-1-1645,  Detail  C 


PROJECT 
NO. 


E-0154 


TEST 

NO. 


TL/9 


PURPOSE  r3  ULTIMATE  fig [POINT  OP  fJjEPPlC  JENCY  {TOTHER 
STRENGTH  FAILURE 


TEST  method  same  u  Federal  Specification  CCC-T-191b , 
Method  4102  except  fabricate  5  a espies  and  pull  per 
attached  sketch.  Use  Tlnlua  Olsen  Testing  Machine, 
2,400  lb  capacity  with  12  ln/kin  load  rate  and  report 
to  the  nearfat  aound. 


|£M 

REQUESTED  ByTdATE  REQUESTED 
WK  10/2/68 


REQUEST  APPD. 
RAT 


BY j DATE  APPROVED 
10/3/68 


Table 

Sample 

1 

2 

3 

4 

5 

Av. 


Pit,  strength,  lb 

636 

638 

620 

632 
640 

633 


COMMENTS 

See  sketch  for  ton*  ef 
failure. 


RESULTS 

Joint  efficiency  la. 
of  jolnt/Av.  ult.  strength  ol 
1071. 

"  . . . .  . . . — 

100  ■  (Av.  ult.  strength 
’  cord)  *  100  (633/591  lb)  • 

conclusions  mtlaate  strength  of  the  joint  Is  acceptable 
for  Intended  application. 

{TESTtO  by  m.  h.  jtnor  10/9/68 

DATE  COMPLETED 

77 


wifiK  cofssi  m  c-soao,  rrs. 


am. 


n 


!  >#  MCH  ms  M/L-M- 

j  «SS?  4X0  10—, 

U  /-SXi P  OF  fUMi/m  I 

n /ra**m  7-e  &/#.  n  J 

fV  £  STEP  MACH.  /\ 

f  MYLOft  e‘ /HR  \) 

W-£——3  m 


am 


m. 


W.E5O30,  TV'S 


NO/E'-HtCUTNE  SmCUTHS  UNLESS  S/VEPMSE 
srbwjbp  smu  ee  rrpe  jot,  pep  s/d  tst 
s-Tt  mu  mm  me  ¥ma 

aw  urn  smcuM&ir 


SKETCH  e-OTSJ,  71/6 
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LABORATORY  TEST  nEQUEST/REPORT 


!TEM<S>  TO  BE  TESTED 

Ben,  tent  band.  Ref.  MALARS 

Dwg.  Ho.  Xll-l-1685,  Detail  C 

PROJECT 

NO.  B-0158 

TEST 

*>•  Tt/10 

PURPOSE  Q ULTIMATE  Q POINT  OP  Q 
STRENGTH  FAILURE 

EFFICIENCY  QOTHER 

On  Tlnies  Olaen  ltatlac  Mublw.  12,000  lb 
capacity,  with  12  in/nin  lead  rata.  Heat  mm  aa 
Federal  Specification  CCC-T-191b,  Matted  0102,  except 
fabricate  5  aanplee  and  pell  per  attached  akatefa. 


REQUESTED  BY I DATE  REQUESTED 'REQUEST  APPO.  BY | DATE  APPROVED 
_ I—  |  10/2/68  |  RAT _ |  10/3/68 


TXSlZ - 

*ml f  glt>  strength.  lb 


1 

2 

3 

A 

5 

Ay. 


8580* 

85AO«» 

8580 

8220 

865C»M 

8518 


COMMENTS 

*  Pre loaded  to  5800  lb 
••  Preloaded  to  8950  lb 
•••  Preloaded  to  6500  lb 


RESULTS  0f  joint  1 

of  Jelat/<Ar.  nit  itnactt  el 
9196)  -  931. 

ms  100  *  At.  alt  strength 
nebbing  ■  2)  «  100  (8518/ 

CONCLUSIONS 

Ultlaate  strength  of  vent  band  is  acceptable 
for  intended  application. 

tested  by  M.ll.  Knor  10/9/68 

DATE  COMPLETED  | 
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PULL 


MO/S:  MACHINE  S/nCHJNS  CHOU  BE  TYPE  BN 

per  sn>  zst  s-u  fya*  mu  nylon  size  If 
/UR 


NBA,  TENT  BiNP 


SKETCH  B004,  nj» 

8Q 


LABORATORY  TEST  REQUEST/REPORT 


1TEMCS)  TO  BE  TESTED 

f ROJECT 

1 

Joint  (on  the  bias),  main  seam 

NO. 

Ref.  NALABS  Dwg.  No.  Xll-1-1645, 

TEST 

Detail  A 

NO. 

TL/11 

PURPOSE  fS  ULTIMATE  n**OlNT  OF  [^EFFICIENCY 
^  STRENGTH  ^ FAILURE  ^ 

qother 

Same  as  Federal  Specification  CCC-T-191b, 
Method  5100,  except  fabricate  and  test  6  samples  per 
attached  sketch.  Use  Tlnlus  Olsen  Testing  Machine, 
600  lb  capacity  with  12  in/min  load  rate. 


11/18/68 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

MMK 

11/18/68 

RAT 

TABLE 

Sample 

ExJk 

Ult.  bias 
Strength 
lb/in. 

COMMENTS 

1.  Ultimate  bias  strength 
is  calculated  using  the 
f ol lowing  relationship : 

1 

128.0 

128.0 

Ult.  bias  strength  *  r~. 

2 

125.0 

125.0 

3 

119.0 

119.0 

where  F  is  the  ultimate 

A 

167.0 

167.0 

strength  of  the  sample,  lb; 

5 

146.0 

146.0 

W  is  original  width  of  the 

6 

119-0 

119.0 

specimen,  in.;  and  D  is 

Av. 

134.0 

134.0 

the  initial  Jaw  separation, 
in. 

RESULTS 

1.  Efficiency  or  the  Joint  is:  100  *  (Ay.  ult.  bias 
strength  of  Joint/Av.  ult.  bias  strength  of  cloth} 
100  (134/136.6)  ■  98$. 

2.  Efficiency  of  the  joint  is:  100  *  (nln.  ult.  bias 
strength  of  Jolnt/mln  ult.  bias  strength  of  cloth) 
100  (119.0/124.2)  -  95.8*. 


CONCLUSIONS  . 

Ultimate  strength  of  main  seam  is  acceptable 
for  intended  application. 


TESTED  BY  m.  m.  Knor  11/20/68  I  DATE  COMPLETED 


NOTE:  MACHINE  STITCUIN6  SMALL  BE  TYPE  SOI  _ 
FED  STD  XT  S-H  ST/h  MU  NYLON  SIZE  t' 
TUU 


junt  (on  rue  SMS j,  man  seam 


SKETCH  e-OEM,  TL/A 


LABORATORY  TEST  REQUEST /REPORT 


PROJECT 

— 

NO. 

TEST 

NO. 

TL/12 

! Tent'S)  TO  St  TESTED 

Joint,  Cross  Sosa 
Hef.  MALABO  D*fg.  No.  111-1-16*5, 
■Dalai!  JL 


PURPOSE  f3  ULTIMATE  Q POINT  OP 
STRENGTH  FAILURE 


gjEFFIClcNCY  QOTMER 


TEST  method  Sane  u  Federal  Specification  CCC-T-19lb, 
Method  5100,  except  to  be  fabricated  and  tested  per 
attached  sketch.  Use  Tlnlus  Olsen  Testing  Machine, 
600  lb  scale  with  12  ln/aln  load  rate. 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

DATE  APPROVED  1 

MMX 

11/15/68 

RAT 

11/15/68  I 

TABLE 

Sanple  Ult.  strength,  lb* 


1 

2 

3 

4 

5 

6 

At. 


121.0 

111.0 

129.0 

119.0 

117.0 

123-0 

120.0 


*  Por  2  in,  test  section 


COMMENTS 

Since  test  section  is  2 


in, , 


*  At.  strength  for 
1  in.  section  of  sean. 


RESULTS  ATerage  ultimate  strength  of  control  sanple  of 
cloth  in  the  fill  direction  is  7o  lb/in  (See  test  -  TL/1) . 

Efficiency  of  joint  is:  100  ■  (At.  ult. 
strength  of  Joint/ At.  ult.  strength  of  cloth)  * 

100  (60/76)  -  791. 


CONCLUSIONS 

Ultimate  strength  of  eross  seam  Is  acceptable 
for  intended  application. 


TESTED  BY  M.  M.  Enor  ll/20/68j  DATE  COMPLETED* 


83 


rNTCON  CLOTH 

P  MIL  -e-  TOSO,  7YE 


direction 

OF 

POLL 


WARP- 


NOTE:  MACHINE  STITCUIN6  SHALL  BE  TYPE  JKV  _ 
FEO  STD  751  S-H  ST/m  MrU  NYLON  SHE  E 
DID. 


JOINT,  CROSS  SEAM 


SKETCH  E-CH54,  TL//C 
sn 


LABORATORY  TEST  RF.QUE5T/ REPORT 


IS  **  NYLON  CLOTH 

o.a,  ml  c-jxo,  rrn 


ttBecnoN  AUL-w-sees 

Of 

PULL 


NOTE'-  MACHINE  ST1JCHINS  CHAU.  X  TYPE  SOI 
FED  STD  7Si  S-ll  <%V  mm  NYLON  SIZE  E’ 

mo. 


HEM,  SKIRT  BAND 


SKETCH  E-MSA,  Tl/tf 

S6 


LABORATORY  TEST  REQUEST/REPORT 


PURPOSE 


PROJECT 

“ - - J 

NO. 

■sWrefMg^s? 

TEST 

NO. 

TL/1* 

ULTIMATE  (*]  POINT  OF  RHEFFICIENCY  fTO™** 
STRENGTH  ^FAILURE  ^ 


TEST  METHOD  SajBe  M  Pideral  Specification  CCC-T-191b, 
Method  4102 ,  except  fabricate  5  samples  and  test  per 
attached  sketch.  Use  Tinius  Olsen  Testing  Machine, 
2400  lb  capacity  with  12  In/min  load  rate. 


10/3/68 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BYj 

MMK 

10/2/68 

RAT  | 

TABLE 

Sample  Clt.  strength,  lb 

1 

600 

2 

584 

3 

600 

4 

576 

5 

592 

Av. 

590 

COMMENTS 

See  attached  sketch  for 
zone  of  failure. 


Data  indicate  that  .lolnt  is  100J  efficient  and 
no  loss  of  structural  integrity  of  toe  suspension  line 
occurred. 


CONCLUSIONS 

Ultimate  strength  of  the  Joint  is  acceptable 
for  application  intended. 


TESTED  BY  m>  Knor  io/Q/68 iDATE  COMPLETED 


op  fatMEr 

\ 

omcnoN  of  puu. 

see  om  no  xn-emo  for  oeauts  or  natbriais 

and  jams. 


ATTACUMeNT,  SUSPSNStON  UN£  NO  SHORT 


SKBTCN  £-0X54.  71/0 


LABORATORY  TEST  REQUCST/REPORT 


PROJECT 

1 

NO. 

TEST 

NO. 

TL/15 

ITEHCS)  TO  BE  TESTED 
Attachment,  suspension  line  to 
link.  Ret..  NALABS  Dug.  no. 
Xll-1-1648 


PURPOSE  (Vt  ULTIMATE  SJPOINf  OF  (^EFFICIENCY  ("TOTHER 

strength  failure 


TEST  METHOD 

Use  Tlnlus  Olsen  Testing  Machine ,  2A00  lb 
capacity  with  12  ln/mln  load  rate.  Fabricate  5  samples 
and  test  as  per  attached  sketch. 


DATE  REQUESTED 

REQUEST  APPD.  BY 

10/21/68 

RAT 

10/21/68 


COMMENTS 

See  attached  sketch  for 
zone  of  failure* 

Samples  1,  3,  5  and  5 
failed  In  zone  A. 

Sample  2  failed  in  srne 


RESULTS 

Efficiency  of  Joint  Is:  iOO  *  (A».  ult.  strengtl 
cf  Jolnt/Aw.  ult.  strength  of  cord)  "  100  (57V5?I)  “  $7#r 


CONCLUSIONS 

Ultimate  strength  of  joint  Is  acceptable 
for  Intended  application. 


TESTED  BY  K.  Kinkle  10/22/68 (pate  COMPLETED 


CUPFCTtON  OF  PULL 


see  enm  mo  xu -i- teas  for  osmis  of  MsretsxtLs 

FNP  MININS. 


sxercu  e-otsx,  n/ts 

SC 


LABORATORY  TEST  REQUEST/REPORT 


!.£H<S)  TO  BE  TESTED 
Attachment  reefing  ring.  Ref. 
NALABS  Dwg.  no.  Xll-1-1646, 
Detail  H. 


PROJECT 

NO. 


E-0154 


TEST 

NO. 


TL/16 


PURPOSE  fijj  ULTIMATE  GHPOINT  OF  nEFF*CIENCY  fTOTHER 
STRENGTH  FAILURE 


TEST  METHOD 

Use  Tinlus  Olsen  Testing  Machine  600  lb 
capacity  Kith  12  in/icin  load  rate.  Fabricate  5  samples 
and  test  as  per  attached  sketch. 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

DATE  APPROVED 

MMX. 

11/8/68 

_ 

RAT 

11/8/68 

1  TABLE  ~ 

COMMENTS  ] 

Sample  Ult.  strength,  lb 


1 

2 

3 

4 

5 

Av. 


405 

404 

378 

203* 

425 

403 


*  Indicates  jaw  break. 


[RESULTS 
each  test 


Reefing  ring  pt.  no.  48A7995  failed  during 


CONCLUSIONS 

Ultimate  strength  of  attachment  is 
acceptable  for  application  intended. 


TESTED  by  n  H  Knor  11/l4/6jpATE  COHPLmT 
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OBBCnON  OF  POLL 


SEE  Dm  NO  XH-/-/64S 
AND  JO/N/m 


to#  DETAILS  of  materials 


SKETCH  E-0/S4,  TL/16 


LABORATORY  TEST  REQUEST/REPORT 


ITEM(S)  TO  BE  TESTED 

PROJECT 

NO.  E-01*5* 

Joint,  reefing  line  splice 

TEST 

NO.  TL/17 

PURPOSE  (3  ULTIMATE  (TJPOINT  OF  INEFFICIENCY  noTH8R 
STRENGTH  FAILURE 


TEST  METHOD 

Build  and  test  5  samples.  Use  Tlnlus  Olsen 
Testing  Machine,  12,000  lb  capacity  with  12  in/aln  load 
rate. 


REQUESTED  BY  DATE  REQUESTED  REQUEST  APPD.  BY 
MMK  10/17/68  RAT 


TABLE  COMMENTS 

Sample  Ult.  strength.  lb 


RESULTS 

Average  ultimate  strength  of  control  sample 
Is  2,7*9  lb  (see  test  TL/3). 

Efficiency  of  the  joint  Is:  100  «  (Av.  ult 
strength  of  Joint/Av,  ult.  strength  of  cord)  »  100 
(5680/5*98)  -  103o*. 


CONCLUSIONS  , 

Efficiency  is  relatively  high.  Retest  using 
different  test  set  up. 


TESTED  BY  K.  Hinkle  10/17/68  |DATE  COMPLETED  10/21/68 
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MdLP  utp  ff/Mp  nmj 

twsnm.  T4P£,m?ve 
mm  $  co&o  cotton  rup 
NEK  U8JN&  omrtwip 
FRENCH  SPTR4L. 


•JOINT,  R6GPIN6  L/NB  SPUCe- 


SKETCH  e-&£4,  TL//7-/ 


LABORATORY  TEST  REQUEST/REPORT 


|  ITEM(S)  TO  BE  TESTED 

PR0UECT 

N0*  T-mili  . 

|  Joint,  reefing  line  splice 

TEST 

NO.  TL/1/-1 

PURPOSE  fxj  ULTIMATE  (xlPOINT  OF  (^EFFICIENCY  nO™ER 
STRENGTH  FAILURE 


TEST  METHOD 

Build  and  test  5  samples  as  per  attached 
sketch.  Use  Tlnlus  Olsen  Testing  Machine,  12,000  lb 
capacity  with  12  ln/aln  load  rate. 


11/20/68 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

MMK 

11/20/68 

BAT 

TABLE 

Sample 

Ult.  strength,  lb 

1 

2640 

2 

2840 

3 

2550 

4 

2580 

5 

2600 

Av. 

2642 

COMMENTS 

See  sketch  for  zone  of 
failure. 

Average  ultimate  strength 
of  control  sample  is  2749  lb 
{see  test  TL/3) 


RESULTS 

1.  Efficiency  of  the  Joint  is:  100  «  (Av. 
ult.  strength  of  Jcint/Av.  ult.  strength  of  control 
sample)  «  100  (2642/2749)  *  96*. 

2.  Efficiency  of  the  Joint  is:  100  *  (Min. 
t.s.  of  Jolnt/Min.  t.s.  of  control  sample)  ■  100  (2550/ 
2680)  -  95*. 


CONCLUSIONS 

Ultimate  strength  of  splice  is  acceptable 
for  intended  application. 


jTESTED  BY  «.M.  Knor  11/21/68  (DATE  COMPLETED 
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laboratory  test  request/repqrt 


f IT EMC Si  TO  BE  TESTED 

Attachment,  center  line  to  vent 
ring.  Ref.  NALAfcS  Dwg.  no. 

m-1-1650 

PROJECT  _ 

NO.  E-0154 

TEST 

NO.  TL/18 

PURPOSE  [3  ULTIMATE  fiHPO,  F  {^EFFICIENCY  fTOTHER 

STRENGTH  FAIL..  : 

TEST  METHOD 

Use  Tinlus  Olsen  Testing  Machine,  60,000  lb 
capacity  with  4  in/aln  load  rate.  Fabricate  4  samples 
and  test  as  per  attached  sketch. 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

MMX 

12/12/68 

RAT 

DATE  APPROVED 
12/12/68 


TABLE 

Sesipie 

1 

2 

3 

4 

Av. 


lilt,  strength,  lb 

27,050 

27,300 

24,600 

24,600 

25,887-5 


COMMENTS 

See  attached  sketch  for 
the  zone  of  failure. 


RESULTS 

Efficiency  of  the  jo' 
strength  of  jolnt/Av.  ult.  si 
10C  (25,887.5/31,024)  «  83.4 

...  .... 

Lnt  is:  100  *  (Av.  ult. 
trength  of  control  sample)  * 
t. 

CONCLUSION? 

Ultimate  strength  of  Joint  Is  acceptable 
for  intended  application. 

trE5TE0  i!M.M»,..gaor.l2/2.V68 

DATE  COMPLETEO 

96 


upectton  of  pull 


see  cm  no  m-i-teso  fop  oetp/ls  of  uawp/Ma 
PND  JO/Nm, 

JtmCUMENT,  CE/LTEP  UNE  70  VENT  B7N6 


SKETCH  E-0/S4,  Tl/tS 


LABORATORY  TEST  REQUEST/REPORT 


|  ITEM(S)  TO  BE  TESTED 

PROJECT 

E-0154 

Attachment , 

center  line  to  clevis 

NO. 

Ref.  NALABS 

Dwg.  no.  Xll-l-1650 

TEST 

NO. 

TL/19 

PURPOSE  Q  ULTIMATE  {7JP0INT  OF  frlEFFICIENCY  noTHER 
STRENGTH  FAILURE 


Use  Tinius  Olsen  Testing  Machine,  60,000  lb 
capacity  with  4  in/min  load  rate.  Fabricate  3  samples 
and  test  as  per  attached  sketch. 


REQUESTED  BY  DATE  REQUESTED 
MMK  12/12/68 


Ult.  strer 


DATE  APPROVED 
12/12/68 


COMMENTS 


28,800 
28, *50 
28,000 

28,410 


See  attached  sketch  for 
the  tons  of  failure. 

During  each  test  Jaw 
break  occurred  at  the  upper 
fixture. 


RESULTS 

Data  obtained  during  the  test  indicate  that 
the  Joint  is  93*  efficient.  Owing  to  the  Jaw  breaks  it 
can  be  assumed  that  efficiency  is  actually  better  than 
indicated  above. 


Attachment  is  acceptable  for  application 


TESTED  BY  M.M.  Knor  12/23/68  JdATE  COMPLETED 


I 


ptfectton  of  pull 

SEB  PW6  NO  XH-hf646  FOR  DEBiid  OF  MATL8 

MNP  J0TNTN6. 


ATTACHMENT,  CENTEFUNE  TO  CLEWS 


SKETCH  E-OT54,  TL//9 


LABORATORY  TEST  REQUEST/REPORT 


JTEMCS)  TO  9E  TESTED 
Riser  extension  splice 


PURPOSE  Q ULTIMATE  (7JP0INT  OF  {^EFFICIENCY  {“{OTHER 
STRENGTH  FAILURE 


PROJECT 

NO. 


TEST 

NO. 


HlSi 


TL/20 


Use  Tinius  Olsen  Testing  Machine  60,000  lb 
capacity  with  4  lr./mln  load  rate.  Pabrlcate  and  test 
5  samples  aa  per  attached  sketch. 


REQUESTED  BY 

MKK 

DATE  REQUESTED 
12/12/68 

REQUEST  APPD. 
RAT 

BY 

OATE  APPROVE!) 
12/12/68 

table  j 

COMMENTS 

Sample  Ult.  strength,  lb 


3 

<i 

5 

Av. 


13,350 

13,500 

13.7CO 

13,550 

13,600 

33,5*0 


results 

Joint  efficiency  Is:  100  *  lAv.  ult.  strength 
of  .loir.t/Av,  ult.  strength  of  control  sample)  * 

10C  (13,5*0/15,51?'  -  8?J. 


CONCLUSIONS 

— 

!  Ultimate  strength  of  splice  is  acceptable  ! 

for  intended  application. 

1 

. j 

TESTED  BY  H.H.  kr.or  12/18/68 

DATE  COMPLETED  ] 

100 


MACHINE  SnrCiilN6  MV  SOI,  PEP  SEP  79/,  5  19 
S  STUCUES  PER  INCH  WITH  NYLON  6  COHO  THREAP. 


RISER  EXTENSION  SPUCE 

SKETCH  E-O/54,  TL/SO 

101 


laboratory  test  request/report 


ITEMCS)  TO  RE  TESTED 
Center-line  splice 


PURPOSE  (3  ULTIMATE  QPOINT  OF  ^EFFICIENCY  fjOTHER 
STRENGTH  FAILURE 


Use  Tlnlus  Clsen  Testing  Machine,  60,000  lb 
capacity  with  «  ln/min  load  rate.  Fabricate  and  test 
5  samples  os  per  attached  sketch. 


DATE  REQUESTED 

REQUEST  APTD.  ByJ 

12/12/68 

....  BAT  I 

PROJECT 

NO. 

E-015* 

TEST 

NO. 

Tie/ 2 1 

12/12/68 


COMMENTS 


Sample  Ult.  strength,  lb 


3,800 
3,900 
2 ,20C 
2,950 
13,*50 


Stitching  failed. 

Web  below  the  stitching. 
Stitching  failed. 
Stitching  failed. 
Stitching  failed. 


Refer  to  sketch  E-015*,  TL/20 
and  note  for  center-line 
splice,  wrap  Is  Ty.  XII. 


RESULTS 

Joint  efficiency  is:  100  *  (Av.  ult.  strength 
of  Jolnt/Av.  ult.  strength  of  control  sample)  * 

100  (13,j»00/15,512)  «  86*. 


Ultimate  strength  of  splice  is  acceptable 
for  Intended  application. 


TESTEL  3Y  Knor  1/2/69  ) DATE  COMPLETED 


LABORATORY  TEST  REQUEST/REPORT 


PROJECT 

1 

NO. 

TEST 

NO. 

TL/22 

ITEM(S)  TO  BE  TESTEO 

Attachment,  riser  to  clevis 
Ref.  HALABS  Dwg.  no.  Xll-1-1651 


PURPOSE  Q  ULTIMATE  fiHPOINT  OF  {^EFFICIENCY  nO™ER 
STRENGTH  FAILURE 


Use  Tinius  Olsen  Testing  Machine,  60,000  lb 
capacity  with  A  in/aln  load  rate,  fabricate  3  samples 
and  test  as  per  attached  sketch. 


DATE  REQUESTED 

REQUEST  APPD. 

BY 

DATE  APPROVED 

12/12/66 

RAT 

12/12/68 

TABLE 

Sample 

Ult.  strengl 

1 

26, 0< 

2 

2A,1H 

3 

2b,  1* 

Av. 

25,5 

COMMENTS 

See  sketch  for  the  zone 
of  failure. 


RESULTS 

Joint  efficiency  is:  100  *  (Av.  ult.  strength 
of  Jolnt/Av.  ult.  strength  of  control  sample)  * 

100  (25,517/28,012)  «  88*. 


conclusions  ultimate  strength  of  Joint  is  acceptable 
for  Intended  application. 


TESTED  BY  K.M.  Knor  12/23/63  DATE  COMPLETED 


i  fe~ 

^—fA/LVRE  ZONE 

,  * 

L _ . 

^  l"  PIN 

r  n 

direction  of  full 


S&E  OHS  NO  XII -1-1651  FOR  DETAILS  OF  MATERIALS 
AND  JOINING. 

ATTACHMENT,  RISER  ID  CLEVIS 


&  ETCH  E-0154,  TL/tg 


LABORATORY  TEST  REQUEST/REPORT 


PROJECT 

NO. 

£-0154 

1651 

TEST 

NO. 

TL/23 

ITEM(S)  TO  8E  TESTED 
Attachment,  riser  to  link 


PURPOSE  Q ULTIMATE  (VJPOJNT  OF  {^EFFICIENCY  HO™^ 
STRENGTH  FAILURE 


TEST  method  Uae  Tlnlus  oieen  Te8ting  Machine, 

12,000  lb  capacity  with  A  in/mln  load  rate.  Fabricate 
5  samples  and  test  as  per  attached  sketch. 


12/12/68 


COMMENTS 

See  attached  sketch  for 
the  zone  of  failure. 


REQUESTED  BY 

DATE  REQUESTED 

REQUEST  APPD.  BY 

MMK 

12/12/68 

RAT 

5,40 
5,46 
5,52 
5,43 
5,250 

5,412 


RESULTS 

Joint  efficiency  is:  100  *  (Av.  ult.  strength 
of  Joint/Av.  ult.  strength  of  control  sample)  » 

100  (5,412/7.253)  -  75*. 


CONCLUSIONS 

Ultimate  strength  of  joint  Is  acceptable 
for  intended  application. 


TESTED  BY  M.H.  Knor  12/18/68  JoaTE  COMPLETED 


noticable  damage 

OUMNS  EACH  TEST 


T 

DIRECTION  OF  POLL 

SBE  cm  MO  X/l- 1-1657  FOP  DETAILS  OF  MATERIALS 
AND  J0EHN6. 


ATTACHMENT,  POSER  70  LINK 


SKETCH  E-0/54,  71/AS 
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APPENDIX  B 
TRAJECTORY 


107 


105 
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